ABSTRACT. Despite a dramatic reduction in incidence and mortality rates, gastric cancer still remains one of the most common malignant tumors worldwide, especially in China. We sought to identify a set of discriminating genes that could be used for characterization and prediction of response to gastric cancer. Using bioinformatics analysis, two gastric cancer datasets, GSE19826 and GSE2685, were merged to find novel target genes and domains to explain pathogenesis; we selected differentially expressed genes in these two datasets and analyzed their correlation in order to construct a network. This network was examined to find graph clusters and related significant pathways. We found that ALDH2 and CCNB1 were associated with gastric cancer. We also mined for the underlying molecular mechanisms involving these differently expressed genes. We found that ECM-receptor interaction, focal adhesion, and cell cycle were among the significantly associated pathways. We were able to detect genes and pathways that were not considered in previous research on ©FUNPEC-RP www.funpecrp.com.br Genetics and Molecular Research 11 (3): 3497-3504 (2012) P. Liu et al. 3498 gastric cancer, indicating that this approach could be an improvement on the investigative mechanisms for finding genetic associations with disease.
INTRODUCTION
Despite its recent decline, gastric cancer still remains the second leading cause of cancer-related deaths worldwide, particularly prevalent in Asian countries (Cui et al., 2011a) . Gastric cancers have been subdivided into two main subtypes based on histological appearance, mainly including the better differentiated intestinal-type and the poorly differentiated diffuse-type (Lauren, 1965; Stock and Otto, 2005; Crew and Neugut, 2006) .
Transformation of a normal gastric epithelial cell to a malignant cell results from the accumulation of multiple gene abnormalities (Zheng et al., 2004) . Currently, a number of molecular abnormalities have been identified, including the activation of oncogenes, inactivation of tumor suppressor genes, microsatellite and chromosomal instability, and alteration of growth factors and cytokines (Smith et al., 2006) . Many proto-oncogenes are activated and overexpressed in gastric cancer, such as c-met (Inoue et al., 2004) , c-erB2 (Song et al., 2004) , K-sam (Toyokawa et al., 2009) , Ras (Nishigaki et al., 2005) , and c-myc (Calcagno et al., 2005) . Inactivation of tumor suppressor genes due to mutations and/or loss of heterozygosity is also a frequent event in gastric carcinogenesis. For example, inactivation of p53 and p16 has been reported in both diffuse-and intestinal-type gastric cancers, whereas adenomatous polyposis coli and retinoic acid receptor β gene mutations seem to occur more frequently in intestinal-type gastric cancers. Besides, RUNX, fragile histidine triad, deleted in colon cancer, and trefoil factor family 1 are suggested as tumor suppressor candidate genes (Cervantes et al., 2007) . Microsatellite has been recognized as one of the earliest changes in gastric carcinogenesis and results in genomic instability. Strong telomerase activity associated with human telomerase reverse transcriptase expression is also present in a majority of gastric carcinomas (Yasui et al., 2005) . Numerous studies have demonstrated that many growth factors and their receptors are overexpressed in gastric cancer (Yokozaki et al., 2001) , including the epidermal growth factor family, vascular endothelial growth factor, fibroblast growth factor, and insulin-like growth factor (Pavelic et al., 2003) , and numerous cytokines, such as TGF, IL-1, and IL-18 (Kim et al., 2006) .
Bioinformatics analysis provides a powerful tool for analyzing microarray experiments by combining data from multiple studies, and presents unique computational challenges. The Bioconductor package RankProd provides a new and intuitive tool for this purpose in detecting differentially expressed genes (DEGs) under two experimental conditions (Hong et al., 2006) .
In this study, we used bioinformatics analysis to detect the DEGs and then used the graph clustering approach to further identify gene expression profiles that distinguish gastric tumors from normal gastric samples. In addition, the relevant pathways in the cluster were also analyzed to explain potential mechanisms in response to gastric cancer.
MATERIAL AND METHODS

Bioinformatics analysis for the expression profiles and DEG analysis
Two gastric cancer-related expression profiles GSE19826 and GSE2685 were obtained from a public functional genomic data repository GEO (http://www.ncbi.nlm.nih.gov/geo/), which are based on the Affymetrix Human Genome U133 Plus 2.0 Array and the Affymetrix Human Full-Length HuGeneFL Array, separately. In this study, a total 34 gastric tumors and 20 controls were selected to identify DEGs. For detail descriptions, see 
Statistical analysis
For the GSE19826 and GSE2685 datasets, the RankProd package was used to identify DEGs. The DEGs only with a percentage of false-positives (PFP) ≤ 0.05 (Hong et al., 2006) were considered to be differentially expressed between treatments and controls.
For demonstrating the potential relationship between DEGs, Spearman's rank correlation (r) was used for comparative target gene correlations. The significance level was set at r > 0.9. All statistical tests were performed with the R program (http://www.r-project.org/).
Network analyses and graph clustering
To identify co-expressed groups, we used DPClus (Altaf-Ul-Amin et al., 2006), a graph clustering algorithm that can extract densely connected nodes as a cluster. It is based on density and periphery tracking of clusters. DPClus is freely available from http://kanaya.naist.jp/ DPClus/. In this study, we used the overlapping-mode with the DPClus settings. We set the parameter settings of cluster property (cp); density values were set at 0.5 (Fukushima et al., 2011) .
Pathway enrichment analysis
The PATHWAY (Kanehisa, 2002) database records networks of molecular interactions in cells and their variants specific to particular organisms (http://www.genome.jp/kegg/) was used.
DAVID (Huang et al., 2009 ) was used to identify over-represented pathways. The P < 0.05 was considered to be significant.
RESULTS
Selection of DEGs and a correlation network construction
To get DEGs of gastric cancer, we searched GEO and obtained two publicly available microarray data sets, GSE19826 and GSE2685. After microarray analysis, the DEGs with a fold-change >1.5 and P < 0.05 were selected. A total of 4530 genes from GSE19826 and 1723 genes from GSE2685 were selected as DEGs. Using the RankProd packages for meta-analysis, 303 upregulated genes and 439 downregulated genes with a PFP ≤ 0.05 were considered to be differentially expressed. Finally, 742 DEGs were collected after meta-analysis and the expression values of DEGs are displayed in Figure 1 . We then quantified the correlation values between DEGs, and the co-expressed value r > 0.9 and P < 0.05 were selected as the threshold. Finally, 1163 relationships between 248 DEGs were used to construct a correlation network (Figure 1 ). 
Graph clustering identifies modules significantly enriched in biochemical pathways
At r > 0.9, DPClus (Altaf-Ul-Amin et al., 2006) identified 4 clusters in the correlation network (Figure 1 ) for response to gastric cancer; they ranged in size from 13 to 32 genes. Especially clusters 1, 2 and 4 had a connection between each other. Graph clustering results are presented in Figure 2 . To assess the significance of the clusters, we used the over-represented KEGG pathways (so-called KEGG enrichment analysis) in the clusters. The results of graph clustering with KEGG enrichment analysis are presented in Table 2 .
Significant pathways (P < 0.05 using hypergeometric test) were related to ECM-receptor interaction, cell cycle, butanoate metabolism, and so on (Table 2) . Among them, COL6A3, COL3A1, and COL5A2 were enriched for the ECM-receptor interaction and focal adhesion pathways; CCNB1, MAD2L1 and ESPL1 were overexpressed in the cell cycle and oocyte meiosis pathways; additionally, ALDH2 and HADH were upregulated in several pathways, such as: the butanoate metabolism, fatty acid metabolism, and so on (not displayed in Table 2 ).
DISCUSSION
According to our analysis results, we could find that many targets and pathways closely related to gastric cancer were linked by our method. Among them, ALDH2, CCNB1, ECMreceptor and cell cycle pathways displayed higher degrees (Figures 1 and 2 ) in the clusters, suggesting that these genes may play more important roles in gastric cancer. We discuss the relationships between gastric cancer and identified genes as follows based on previous reports.
ALDH2 showed 22 degrees in the correlation network, but only displayed in the cluster 3. The ALDH2 protein belongs to a low-Km mitochondrial ALDH, which is the second enzyme to eliminate most of the acetaldehyde generated during alcohol metabolism in vivo. The increased exposure to acetaldehyde in individuals with the catalytically inactive form may confer greater susceptibility to many types of cancer. ALDH2 polymorphisms were found to modify the susceptibility to the development of gastric cancer associated with alcohol intake, especially in the case of ALDH2 *1/*2 genotype in the Korean population (Shin et al., 2011) . These findings have suggested an alcohol-ALDH2 genotype interaction in gastric carcinogenesis. However, ALDH2 polymorphisms do not seem to play an important role in the development of stomach cancer in Chinese males (Cao et al., 2010) . CCNB1 revealed 16 degrees in the correlation network (Figure 1 ), but only displayed in cluster 2. CCNB1 is a regulatory protein involved in mitosis. The gene product complexes with p34(cdc2) to form the maturation-promoting factor (MPF). There are two alternative transcripts, a constitutively expressed transcript and a cell cycle-regulated transcript, which is expressed predominantly during G2/M phase. Cell cycle dysregulation plays a major role in gastric carcinogenesis. The study showed that CCNB1 were frequently expressed in diffuse gastric cancer. In addition, the expression of CCNB1 was associated with regional lymph node metastasis and poor prognosis. These findings suggested that CCNB1 expression is closely associated with poor outcome in gastric cancer (Kim, 2007; Begnami et al., 2010) .
To identify the relevant altered pathways, we used the hypergeometric distribution approach at the pathway level. Pathways can provide an alternative way to relax the significance threshold applied to single genes and may lead to a better biological interpretation. Finally, using the pathway-based significant analysis method, only ECM-receptor, focal adhesion, and cell cycle pathways were identified as the significant ones.
There is a substantial amount of evidence that the ECM-receptor pathway is related to the progression of gastric cancer (Cui et al., 2011b) . For instance, the ECM receptor integrin (αvβ1) shows strong expression in gastric carcinoma tissues, which may be involved in the lymphatic metastasis of gastric carcinomas (Kawashima et al., 2003) . In addition, ECMdegrading enzymes such as MMP-7 are also believed to play a significant role in invasion and metastasis of gastric cancer. MMP-7-positive tumors have been found to be significantly more frequent in diffuse-type lesions. MMP-7-positive lesions increase with the progression of gastric epithelial tumors, including adenomas, mucosal cancers, and cancers invading the submucosal layer or deeper (Kitoh et al., 2004; Ii et al., 2006) .
There is also evidence that the focal adhesion pathway plays an important role in gastric cancer. The focal adhesion complex contains an interacting matrix of numerous proteins, which includes non-receptor tyrosine kinases, such as Src and focal adhesion kinase (FAK), and adaptor and actin-binding proteins, such as talin and paxillin, as well as cytosolic phosphatases and proteases. In particular, the calpain proteases have been implicated in the cleavage of focal adhesion proteins, which promotes focal adhesion turnover (Barbero et al., 2009) . Wnt-5a was identified to have the abilities to stimulate cell migration and invasion in gastric cancer by regulating the turnover of focal adhesion complexes (Kurayoshi et al., 2006) . Besides, focal adhesion kinase has been shown to be positively amplified in gastric cancer tissues and significantly correlated with gastric cancer progression (Park et al., 2010) . PTEN inhibits focal adhesion, spreading, and migration by dephosphorylating focal adhesion kinase in gastric cancer (Kang et al., 2002) .
It is widely believed that the cell cycle plays a crucial role in gastric progression (Smith et al., 2006) . The cell cycle regulator, cyclin G2, has been found to be positively expressed in 66.3% human gastric cancer tissues. Moreover, cyclin G2 expression has been shown to be inversely correlated with the more advanced stages, the presence of lymph node metastasis, and the presence of perineural invasion (Choi et al., 2009 ). Furthermore, cyclindependent kinase 6 (CDK6) has been found to be upregulated in gastric cancer tissues. The expression of the CDK6 inhibitor miR-107, which binds to CDK6 3'-untranslated region could inhibit gastric cancer cell proliferation, induce G1 cell cycle arrest, and block invasion by gastric cancer cells. Reduced miR-107 expression correlates with tumor invasion and nodal metastasis (Feng et al., 2012) .
In conclusion, we used network analysis as a conceptual framework to explore the pathobiology of gastric cancer based on the assumption that gastric cancer is a contextual attribute of distinct patterns of interactions between multiple genes. The salient result of our study is finding the ALDH2 and CCNB1 genes and ECM-receptor, focal adhesion, and cell cycle pathways differentially expressed in gastric cancer, which have all been related to gastric cancer in a direct or indirect manner. We anticipate numerous advances in gastric cancer research in the coming years based on our bioinformatics analysis.
